The occurrence patterns and molecular characteristics of Salmonella are important for surveillance and control of the pathogens. Objectives of this study were to determine month-to-month variation and seasonal effects on the occurrence of Salmonella in dairy animals and environments and to characterize selected Salmonella isolates. A total of 7680 animal and environmental samples, collected monthly from a dairy farm, were analyzed for the presence of Salmonella during a 12-month study. Major sources of Salmonella on the dairy farm (% positive) were milking parlor air (62%) and bird droppings (63%) during winter; feeds (50-58%), water (53-67%), calf bedding (63%), soils (60-63%), milking parlor air (60%), and bird droppings (50%) in spring; all animal and environmental samples (40-92%) except milking parlor air (25%) and bulk tank milk (29%) in summer; and feeds (60-71%), cow beddings (59%), cow soils (50%), air (46-71%), and insects (63%) during fall. Salmonella ribotyping indicated that most serovars came from different sources but some might have originated from a common source and transmitted from site to site on the farm. These data provide some important information on key animal and environmental sampling sites needed to initiate on-farm management programs for control of this important foodborne pathogen.
Introduction
S almonella is one of the leading bacterial foodborne pathogens that cause illnesses, deaths, and financial losses. In the United States, Salmonella infections in humans cause more than 500 deaths in about 1.3 million reported cases each year (ERS, 2004) . In addition, Salmonella infections cost approximately $2.4 billion for medical expenses and productivity losses each year (ERS, 2004) .
Human infections of Salmonella come from different sources including fecal contamination of food products and water; consumption of unpasteurized milk and dairy products, particularly by farm families; unpasteurized apple cider and juice; cross-contaminated meat and meat products, vegetables, fruits, and salad bar items; and contact with ill animals, primarily those of farm families (ERS, 2004; Wells et al., 2001) . Contamination of food by these pathogens may occur in the food chain on the farm, during processing and transportation, at market, or at homes (ERS, 2004) . Since cull dairy cows and cattle are primary reservoirs and sources of Salmonella, control of the pathogen on farm through management strategies may prevent or reduce contamination of foods in the food chain. Implementing such control measures requires baseline data on the prevalence of the pathogen on farms. In addition, molecular characterization is an important tool for epidemiological studies to trace back the linkage between disease and source of pathogen.
The RiboPrinter Ò system (DuPont Qualicon, Inc., Wilmington, DE) is an automated ribotyping for molecular characterization of bacteria that offers rapid technique compared to other genotype systems (Bruce, 1996) . It also provides more discrimination than conventional serotyping (Bailey et al., 2002) , which is important for epidemiological studies and for defining the relationship between disease and the source of pathogen.
Several studies have reported the occurrence of Salmonella in dairy cattle. However, these studies focused on the occurrence of the pathogen in fecal samples (Blau et al., 2005; Callaway et al., 2005; Kabagambe et al., 2002; Wells et al., 2001) , bulk tank milk ( Jayarao et al., 2006; Karns et al., 2005; Murinda et al., 2002; O'Donnell et al., 1995) , or in feed (Krytenburg et al., 1998) . Seasonal and environmental data on the prevalence of Salmonella in dairy cows are very limited. Therefore, the objective of this study was to determine seasonal effects on the prevalence of Salmonella in dairy farm environments, dairy cows, and calves. In addition, we characterized selected Salmonella isolated from the dairy farm to study their relatedness.
Materials and Methods

Sample collection
Samples were collected from a dairy farm in eastern Tennessee. The farm herd consisted of 250 cows and 170 calves, mainly Holsteins (80%) and Jersey (20%). Lactating cows were housed in free stalls bedded with sawdust. All cows were dried off approximately 8 weeks before expected calving. Calves were housed in individual hutches and they were moved to group pens bedded with sawdust after weaning. The water source for the farm was the city water system. Animal and environmental samples were collected on a monthly basis for 12 months. Sampling periods were January-March (first quarter=winter), April-June (second quarter= spring), July-September (third quarter=summer), October-December (fourth quarter=fall). Animal samples were collected by swabbing the mouth, hair, rectum, and teats of 20 lactating dairy cows and mouth, hair, and rectum of 20 dry cows and calves, respectively. The inner surface of the mouth and rectum, hair around neck, and teats of cows or calves were swabbed with two sterile swabs moistened with Butterfield phosphate buffer (BPB) solution. Swabs were inoculated into tubes containing 10 mL of RappaportVassiliadis (RV, Oxoid Inc., Ogdensburg, NY) broth. Environmental samples (approximately 200 g) included mixed grain from silo; silage from storage; total mixed ration (TMR) from feed bunk; beddings (sawdust, sand, grass, and other materials) from maternity, lactating and dry cows and calf barns; soil from maternity and dry cows and calf pastures; and water (1 L) from cow and calf troughs. Indoor air samples were collected in the calf barn and milking parlor areas according to procedures described by Pangloli et al. (2003) . Milking parlor samples were obtained by swabbing approximately 400 cm 2 of floor, wall, window, and stall with sterile SpeciSponge (Nasco Whirl-Pack, Fort Atkinson, WI) moistened with 10 mL of BPB. Milk liner, raw milk (approximately 200 mL), and bird dropping samples were collected from milking machine, bulk tank, and around barns, respectively. Flies and insects were collected by trapping them on fly strips located in calf and lactating cow barns for 7-14 days. Upon collection, samples were refrigerated and transported to the laboratory and analyzed within 6 hours.
Isolation and identification of Salmonella
Samples were analyzed for the presence of Salmonella using a combination of multiple specialized enrichment and selective plating protocols (Table 1) adapted from the U.S. Food and Drug Administration's Bacteriological Analytical Manual (BAM) with modifications. Each type of sample had its own protocol that included pre-enrichment in lactose broth (LB) prior to enrichment in selective broth or direct enrichment in selective broth in conjunction with plating on selective media. These protocols were the effective recovery methods of the 32 combination methods for each type of sample based on previous studies in our laboratory (Pangloli et al., 2003) . Except RV, all media used in this study were from Difco (Becton Dick-inson, Sparks, MD). Media were prepared according to manufacturer's or BAM instructions. Tetrathionate (TT) broth contained 0.1% brilliant green dye (10 mL=L) and iodine-potassium iodide solution (20 mL=L).
Animal swabs (hair, mouth, rectum, and teat) and flies (5-10 individuals) were enriched directly in 10 mL of RV in test tubes and milking parlor swabs (floor, wall, window, and stall) in 40 mL of RV in sterile Whirl-Pak bags (Table 1) . Feed, bedding, soil, water, and bulk tank milk samples (25 g or 25 mL) were pre-enriched in LB or directly enriched in 225 mL of designated broth (Table 1) . Air samples were pre-enriched in 10 mL of LB, while milk liner and bird dropping samples (5 g) were directly enriched in 45 mL of RV and TT, respectively. Prior to incubation, the pH of samples was adjusted to 6.8 AE 0.2 with 1 N NaOH or HCl. Samples preenriched in LB were incubated at 358C for 18-24 hours, while those enriched in RV were incubated at 428C for 18-24 hours. After incubation, an aliquot (1 mL) of pre-enriched samples was transferred to 9 mL of designated selective broth and incubated at the designated temperature (Table 1) for 18-24 hours. Following incubation, a loopful from each enrichment broth was streaked on bismuth sulfite agar (BS), Hektoen enteric agar (HE), or xylose-lysine-tergitol 4 (XLT4) plates, depending on the type of samples (Table 1) . Presumptive positive colonies were tested biochemically with triple sugar iron (TSI) agar slants prior to serological confirmation with polyvalent somatic O Salmonella antiserum (Difco).
Ribotyping of Salmonella isolates
Prior to ribotyping, frozen Salmonella isolates were revived in tryptic soy broth at 358C for 18-24 hours, streaked onto XLT4 agar plates, and subjected to a series of biochemical tests (TSI, urea, indole, lysine, ornithine, citrate, dulcitol, sucrose, and ortho-nitrophenyl-b-D-galactopyranoside [ONPG] ). Isolates demonstrating typical Salmonella reactions in most of the biochemical media as outlined by Holt et al. (2000) were confirmed by Analytical Profile Index (API) 20E (bioMérieux, Hazelwood, MO). API 20E test kit is based on a profile number generated from a series of 20 biochemical reactions.
A total of 61 Salmonella isolates from animal and environmental dairy samples were selected to represent as many sample sites as possible and characterized with an automated RiboPrinter System according to manufacturer's procedures (Bruce, 1996) with standard reagents. Salmonella isolates were grown on brain heart infusion agar plates at 358C overnight. Colonies were picked, suspended in lysing buffer, heat-inactivated at 908C for 10 minutes, added with two lysing agents, and placed into the RiboPrinter System. The process sequences in the system included lysis of target cells to release cellular DNA, digestion=cut of DNA with PvuII restriction enzyme, separation of DNA fragments by agarose gel electrophoresis, transfer onto a nylon membrane, hybridization with the rRNA operon probe, and image detection. The system automatically compared riboprint patterns generated to a library of Salmonella serotypes available in the RiboPrinter database and identified the isolates at a preset 0.85 similarity threshold. Samples with matches below the threshold were not identified.
Results
Salmonella recovery
Over a one-year period, 7680 animal and environmental samples were analyzed for the presence of Salmonella. About 38% (2918) of samples were positive for Salmonella. The occurrence of Salmonella in animal and environmental samples varied significantly by site from season to season. As the seasonal temperature increased, the occurrence of Salmonella in dairy farm samples generally increased (Table 2) . Overall, the major sources of Salmonella were environmental samples. Animal sites were a high risk for Salmonella contamination (50% or more positive) only in summer.
In winter, major sources of Salmonella were air in the milking parlor area (62%) and bird droppings (63%) ( Table 2 ). Major risk sites associated with Salmonella in spring were feeds (50-58%), water (53-67%), calf bedding (63%), soils (60- 63%), milking parlor air (60%), and bird droppings (50%). As the temperature increased in summer, most animal and environmental samples were potential sources of Salmonella contamination on the dairy farm. In the fall, several environmental sites on the dairy farm such as feeds (60-71%), cow bedding (59%), cow soil (50%), air (46-71%), and insects (63%) were sources of Salmonella contamination.
Characterization of Salmonella isolates API 20E tests indicated that a numbers of Salmonella isolates confirmed by polyvalent somatic O Salmonella antiserum were not Salmonella. About 37% of 236 isolates tested were not Salmonella (Table 3 ). The non-Salmonella bacteria frequently found were Enterobacter cloacae (14.8%), Proteus mirabilis (5.1%), Citrobacter youngae (4.7%), and C. braakii (3.4%).
A total of 61 Salmonella obtained from animal and environmental dairy farm samples were characterized by the RiboPrinter System into 12 Salmonella serotypes including Senftenberg (19), Enteritidis (8), Typhimurium (5), Gallinarum (5), Java (2), Hartford (2), Infantis (2), Pullorum (2), Arizonae=III (1), Havana (1), Saintpaul (1), Lexington (1), and ''other'' Salmonella (12) ( Table  4) . Each serotype was classified into different groups based on similarity to DuPont identification (DID) strain references. Riboprint patterns of several Salmonella serovars representing different strains and=or sources are presented in Figs. 1 and 2.
Discussion
Salmonella was persistent at relatively high rates (more than 40% positive) in all seasons except winter in several environmental samples including grain, TMR, water, beddings, and soils. The pathogen was detected at high rates in almost all seasons in the air, bird droppings, and insects. The prevalence of Salmonella in milking parlor air during the summer was lower than in other seasons. Fans were usually used in the milking parlor area during the summer. This might have increased air velocity and lowered the presence of Salmonella in the milking area. Craven et al. (2000) reported the occurrence of Salmonella in wild bird droppings found near broiler chicken houses in different seasons ranging from 4% to 33%. Salmonellosis in calves was linked to the presence of Salmonella spp. in wild birds on agricultural farms in the Czech Republic (Cizek et al., 1994) . Olsen and Hammack (2000) reported the link of houseflies to outbreaks of Salmonella Enteritidis. Thus, these types of environmental sites are important vectors for Salmonella associated with dairy cows.
In general, the incidence of Salmonella in animal sites was lower than that in environmental sites. However, the occurrence of Salmonella in animals in this study was higher than that of previous studies in lactating and culled dairy cows that ranged from 0.5% to 18.0% (Gay et al., 1994; Wells et al., 2001) . Overall, the incidence of Salmonella in dairy calves tended to be higher than those in lactating and dry cows. These findings agree with those reported by Gay and Hunsaker (1993) . Huston et al. (2002) , however, reported that mature cows tended to shed more Salmonella than unweaned calves.
The prevalence of Salmonella in bulk tank milk in the present study (6-29%) was lower than in other environmental sites (Table 2) but higher than reported previously. O'Donnell (1995) detected Salmonella in 0.36% of bulk tank milk samples in England and Wales. Rohrbach et al. (1992) reported that 8.9% of bulk tank milk samples from eastern Tennessee were Salmonella positive. More recently, Murinda et al. (2002) found that 2.2% of bulk tank milk samples tested in eastern Tennessee were contaminated with Salmonella. The presence of Salmonella in bulk tank milk may pose a potential health hazard for consumers of raw milk and improperly processed milk. The occurrence of Salmonella in bulk tank milk in the present study increased with increased recovery of the pathogen in the milking parlor (floor, wall, window, and stall) ( Table 2) . Thus, the occurrence of Salmonella in bulk tank milk might be due to cross-contamination from milking environmental sites instead of animal sites. Milk liners, 17-38% Salmonella positive, might also be an important source of Salmonella contamination of bulk tank milk. Gay and Hunsaker (1993) reported the occurrence of Salmonella in bulk milk filters of 78%.
Results of API 20E tests of this study indicated that serological test using polyvalent somatic O Salmonella antiserum as a final confirmation of Salmonella isolates may result in a substantial number of false positives. Murinda et al. (2002) reported similar findings. Some bacteria within family Enterobacteriacea produced cultural, biochemical, and serological characteristics similar to those of Salmonella. Citrobacter braakii, C. freundii, C. youngae, and P. mirabilis had black colonies on XLT4 plates similar to sulfurproducing Salmonella. Proteus mirabilis had smaller black center colonies with pinkishyellow to pinkish periphery. The other bacteria had pinkish-yellow to pinkish colonies on XLT4 plates similar to nonsulfur-producing Salmonella Isolates of each serotype were classified into different groups based on similarity to DID; numbers in parentheses indicate the total number of isolates in the group.
f Isolates were not identified by the RiboPrinterÒ system automatically based on the preset identification similarity threshold of 85%; they had the same ribogroups but were identical to different DIDs with similarity of #52% and were identified as Salmonella Arizonae with API 20E test. Salmonella Senftenberg was isolated from various sample sites, predominantly from silage (12), and all isolates were identical to DID 1153 with a similarity of 94-98%. Thus, Salmonella Senftenberg might come from a common source and be transmitted from site to site on the farm. Salmonella Enteritidis was found only in mixed grain and consisted of four strains (DID 1052 (DID , 1054 (DID , 2035 ) with similarity to DIDs ranging from 90% and 98% (Table 4) . These results suggest that Salmonella Enteritidis found in mixed grain might have come from different sources. The RiboPrint patterns of the four strains of Salmonella Enteritidis consisted of seven to eight fragments (Fig. 1) . Major differences among RiboPrint patterns of these strains were found in fragments at regions between 4.0 and 5.0 kilobase pair (kbp), between 5.0 and 6.0 kbp, between 7.0 and 8.0 kbp, at 9.0 kbp, and the last fragments.
Salmonella Typhimurium was isolated from flies from the calf barn and different types of soil (Table 4 ). This serotype consisted of three strains as evidenced by DID 3148, 3093, and 3095 with similarity to DIDs of 94-97%. The typical RiboPrint patterns of these three Salmonella strains are presented in Fig. 1 . Isolates from calf flies, maternity cow (MC) soil, and lactating cow (LC) soil identical to DID 3148 (Table 4 ; Fig. 1 ) indicated a common source of contamination as well as environmental cross-contamination on the farm. One isolate from LC soil had the same DID number (3093) with Salmonella Typhimurium DT104 (definitive type) obtained from the CDC, but their RiboPrint patterns were slightly different (Fig. 1) . Salmonella Typhimurium DT104 is of worldwide concern since it is a multidrugresistant strain that has caused human infections with higher morbidity and mortality than other Salmonella infections (Glynn et al., 1998) .
Salmonella Java was isolated from cow mouth and calf bedding and consisted of two groups or strains with similarity to DIDs ranging from 97% to 98% (Table 4) . RiboPrint patterns of these strains consisted of seven fragments and all fragments were single bands (Fig. 1) . Salmonella Gallinarum, Salmonella Saintpaul, and Salmonella Lexington were found only in mixed grain, Salmonella Hartford in MC soil, Salmonella Arizonae=III in calf flies, and Salmonella Havana in cow mouth, while trough water was contaminated with Salmonella Infantis and Salmonella Pullorum (Table 4 ). The RiboPrint system did not automatically identify one Salmonella Pullorum strain and Salmonella Arizonae=III since their similarities to the nearest DID references (79% and 73%, respectively) were less than the preset identification similarity threshold of 85%. Salmonella Pullorum with a similarity of 79% to DID 1138 had weak fragments=bands and missed the last two bands at 8.0 and 9.0 kbp in the RiboPrint pattern compared to the other Salmonella Pullorum isolate (Fig. 1) . However, both isolates were 90% identical based on similarity comparison using manual data analysis in the system. The RiboPrint pattern of Salmonella Arizonae=III from flies isolated from the calf barn was different from that of Salmonella enterica subspecies arizonae (ATCC 12323) obtained from the American Type Culture Collection (Manassa, VA) (Fig. 2) . The latter isolate was identified by the system as Salmonella Arizonae=III with a similarity of 87% to DID 1001, while the isolate from flies had a similarity of 73% to DID 3120. Both isolates were identified as Salmonella Arizonae by API 20E.
A group of 12 isolates from cow mouth and flies were not automatically identified by the system as their similarities to the nearest DID references of about 50% were less than the similarity threshold of 85%. The 12 isolates were identified as Salmonella Arizonae by API 20E. However, none of the nearest DID references was Salmonella Arizonae. The reason for this discrepancy is that the RiboPrinter patterns of the 12 isolates might not available in the RiboPrinter system. There are about 2500 recognized Salmonella serovars (Brenner et al., 2000) , but the RiboPrinter database contained only 602 patterns representing approximately 264 serovars at the time of analysis of this study. Also, RiboPrint patterns of the 12 isolates were typically different from those of Salmonella Arizonae (Fig.  2) . The most typical biochemical reactions we found for these 12 isolates were ONPG positive, lysine negative, and dulcitol negative, which was in line with biochemical reactions of Salmonella cholerasuis subspecies arizonae in Holt et al. (2000) . The other Salmonella isolates from the current study were mostly ONPG negative and lysine and dulcitol positive.
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Conclusion
Results of this study indicated that the prevalence of Salmonella both in animal and in environmental samples varied significantly from season to season. With several exceptions, the occurrence of Salmonella on dairy farms increased as the seasonal temperature increased. Ribotype identification and characterization of some Salmonella isolates showed that most of the serovars came from different sources but some might have come from a common source and been transmitted from site to site on the farm. On-farm preharvest food safety management strategies for prevention of pathogens should consider the significance of environmental contamination and its association with occurrence in cows, particularly in the summer.
